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Measurement of HECR

HECRs Extensive air shower observation

* longitudinal distribution
o |ateral distribution
* Arrival direction

Air shower development

Astrophysical parameters

« Spectrum
« Composition
« Source distribution

X..ax distribution measured by AUGER
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the depth of air shower maximum.
An indicator of CR composition
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The Large Hadron Collider (LHC) @

pp Vs =13TeV = E_,=0.9x107eV  2015-
pp Vs =7TeV > E,.,=2.6x101%V 2010-2011
pp Vs =0.9TeV = E,, = 2x10"%eV 2009.2010
pp Vs=2.76TeV, 8TeV 2012

PbPb Vsnn=2.76TeV 2011

p-Pb Vsnn=5TeV 2013
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Key parameters for Air Showers
First [T .':’.‘

g% Key Parameters

© e B o Inelastic Cross Section

R T I —TOTEM, ATLAS, CMS,ALICE

' o Forward Energy Spectrum
—LHCf, ZDC and etc.

o Inelasticity k= 1-piead/Pveam
:‘f{i \ —LHCTf, ZDC and etc.
1 o Multiplicity
—Central detectors

Secondary
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The LHCf collaboration involves

The LHCf COl |a bo ration ~30 members at 10 institutions.

Feb. 2009
Jul. 2013




LHCf Detector(Arm#1) 2
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Two LHCf detectors (Arm1 & Arm2)
are installed into the very forward region
of the LHC interaction point (IP1).

LHCf can measure neutral particles

(y, n) at the rapidity range Il > 8.4.

Protons Charged particles
Neutral particles *
Beam pipe
j 140m , P ©




» The LHCTf detectors
Sampling and Positioning Calorimej{-{¥
« W (44 rl , 1.7\, ) and Plastic Scintillator x 16 Layers o
4 positioning layers
XY-SciFi (Arm1) and XY-Silicon strip(Arm#2)
- Each detector has two calorimetemtowers,
which allow to reconstruct °

Expected Performance
~ Energy resolution (> 100GeV)
< 5% for Photons
40% for Neutrons
Position resolution
< 200um for Photons
a few mm for Neutrons

TN

Front Counter
e thin scintillators with 80x80mm?
* To monitor beam condition.
* For background rejection of
beam-residual gas collisions
by coincidence analysis 20“““\
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Operations and Results

m p-p. Vs = 0.9 TeV (Dec. 2009 and May 2010

O Photon spectra (PLB 715 (2012) 298) —I
u - \/S =7.0 TeV (Apr.-July 2010 Electromagnetic
O Photon spectra (PLB 703 (2011) 128) components

O Neutral pion spectra (PRD 86 (2012) 092001)J

O Neutron spectra (submit quite soon)
— Forward baryons relating to “Inelasticity”

m p-Pb, Vsnn=5TeV (Jan.-Feb. 2013)

O Neutral pion spectra (PRC 89 (2014) 065209)
— Nuclear effect at the very forward region.
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107 LHCf\'s=7TeV & 10° LHCf\'s=7TeV

% 10" Gamma-ray like % o Gamma-ray like

& . n>10.94, Ap = 360 b ~ 8.81<1<8.99, A0 =20
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* No model can reproduce the LHCf data perfectly.

« EPOS 1.99 provides the best agreement with LHCf data.
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QGSJETII-03
SIBYLL 2.1
EPOS 1.99
PYTHIA 8.145



'Neutral Pions at
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Detector thickness is x10°

. s 207
EM . 44 radiation length  Arm1; 1500 GeV <E,,__ <2000 GeV
— Thick enough to contain all showers. 18- . . .
Hadron : 1.7 interaction length 160 Fit method A
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Neutron results at p-p 7TeV

e In n>10.76 huge amount of neutron exists.
e Only QGSJET2 reproduces the LHCf result.
e In other rapidity regions,
the LHCf results are enclosed by the variation of models.
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% event analysis in p-Pb collisions

(Soft) QCD : Ultra ?eripheral collisions :
central and peripheral collisions virtual photon from rel. Pb collides a proton.
. . .\ «— A
Central collisions Peripheral collisions
O —=>
proton Pb :parlanrwnpee']tg[r b b R R
O s v > D + Pb
b < Ry, + Rpy, b~ Ry + Bpr U\ /

Momentum distribution of the UPC induced secondary particles is estimated as

1. energy distribution of virtual photons is estimated by the Weizsacker Williams approximation. | Proton
2. photon-proton collisions are simulated by the SOHIA model (E > pion threshold). rest frame
3. produced mesons and baryons by y-p co?llisions are boosted along the proton beam.
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10 Break down { %1 with soft-QCD_

About half of the observed ® may originate
in UPC, another half is from soft-QCD.

of UPC
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1'r° pT spectra at p-Pb
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e The LHCf results in p-Pb (filled circles) show good agreement with MC predictions.
e The LHCf results in p-Pb are clearly harder than the LHCf results in p-p at 5.02TeV
(shaded area) which are interpolated from the results at 2.76TeV and 7TeV.



Nuclear modification factor

LHCf Ys=5.02TeV n°

7F -89>y >-9.0
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d? NP3 /dyd
Ropy(pr) = 0 yapT e Both LHCf and MCs show strong suppression.
pPbAPT) = <N >d2Npp/d d e But LHCf grows as increasing pr, understood by the
coll 0 / AYLPT softer pr spectra in p-p at 5TeV than those in p-Pb.
\<Ncoll> =6.9 ,




Future Operations

m LHC p-p Vs =13 TeV
O QOperation for about 1 week in May 2015
with low luminosity collisions.
» e Test of Energy scaling

 Enlarge the LHCf acceptance
\/s 9OOGeV Vs=7TeV Vs=13TeV




£ Future Operations

m LHC p-p Vs =13 TeV
O Operation for about 1 week in May 2015

with low luminosity collisions.
#)> - Test of Energy scaling

 Enlarge the LHCf acceptance

=) - Measurement with Event Categorization
thank to the common operation with ATLS

AllEvents D Am1-TS w/ Event selection by ATLS
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m | HCf is a forward experiment at LHC and had
operations at p-p with ¥s=0.9,7 TeV and with p-
Pb at Vsnn=5 TeV.

® The data of EM components (photon and neutral
pions) at the forward region at p-p collisions
seems to be reproduced by EPOS model well
however Neutron data was well consistent with
the prediction of QGSJET I[1-03.

m | HCf measured the nuclear factor of 0.1 at for
forward neutral pions. The small factor is well
reproduced by the interaction models.
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Soft pp processes
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| @LHC n>8.4

@RHIC n>6
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Coverage of 900GeV and 7TeV

results in Feynman-X and Py
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Not in scale
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(Good agreement of X spectrum
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/TeV.
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Soft pp processes
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Diffraction @ CR-AS

Small difference AXmax~ 2%
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= Cross section fraction differs largely in models (~10*11eV — 10720eV)
— Sibyll: 12% — 1%
~ QGSJet 13% — 16%

—  DPMJet 1% — 5% (but rising at mid energies)

C.Baus @ Seminar in Nagoya



LHCf can measure

Energy spectra and o |
Transverse momentum distbution of 40_ 8.591
e Gamma-rays (E>100GeV,dE/E<5%) o
e Neutral Hadrons (E>a few 100 GeV, dE/E~30%) 5
e t? (E>600GeV, dE/E<3%) o
at pseudo-rapidity range >8.4 T
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